Thirteen red strains of Actinomadura (Nocardia) pelletieri and three of A. madurae were shown to produce prodigiosin-like pigments. Both of the two major pigments which were observed on thin-layer chromatograms had RF values significantly greater than prodigiosin. The main pigment from A. madurae 953 was shown by mass and nuclear magnetic resonance spectroscopies to be nonylprodigiosin. The major pigment from A. pellitieri had a C.H22 side chain in a ring form, but it was distinctly different from metacycloprodigiosin. "Prodiginine" was proposed as a name for the invariant aromatic portion of the prodigiosin structure.
strains and many A. madurae strains isolated from clinical sources produce brilliant red endopigments. Only 1 of 15 strains of A. madurae isolated from soil was found to produce such pigments. Other pigments produced by nocardiae include certain antibiotically active substances (10, 12) as well as 6 ,7-dimethyl-ribityl-lumazine (11) , carotenoids (3), side (10) , porphyrins (4), and compounds of unknown structure (1) .
Since Williams and Hearn's comprehensive review of prodigiosin (17) , a C-25 prodigiosin analogue from Streptomyces longisporus Tuber has been identified as undecylprodigiosin (6, 15) . In addition, the blue pigment which is produced by a Serratia marcescens mutant has been shown to have a novel dipyrrolyldipyrromethene structure (13) .
MAmIAT.S AND METHODS

Ora
All of the strains studied were from the collection of M. P. Lechevalier inoculated into two flasks of YD, 50 ml per 250-ml flask. When these cultures were well grown (4 to 7 days), 5 ml of the whole broth was inoculated into YD or Bennett's, 100 ml per 250-ml flask, and shaken until a red, pink, or orange color appeared (2 to 11 days, usually 4 to 7 days). Frequently, the color intensity varied and occasionally was completely absent. Flasks with colorless mycelium were discarded. The whole broth was shaken overnight with one-half volume of chloroform, and the mixture was filtered with suction, addin filter-aid when necessary. The pink chloroform layer was saved; the solids we shaken overnight with acetone. Filtration of this mixture furnished a yellow acetone extract which was concentrated to 100 ml. Water (700 ml) and hexane (200 ml) were added to the concentrated acetone extract and the mixture was shaken. After separation, the hexane layer, which contained the pigment, was washed with dilute sodium hydroxide and water.
Thia-layer di t y (C). The chloroform layer and acetone extracts (in hexane) were examined by TLC on 10-cm pieces of Etn chromogram no. 6061 with chloroform, chloroform-ethyl acate (9: 1), or benzene-buyl acetate (9:1) as solvents CC-7 100 to 200 mesh, eluting first with chloroform and then with increasing amounts of ethyl acetate in chloroform. Small, equal-volume fractions were collected and assayed by TLC. It was not possible to select the desired fractions by the appearance of the bands on the column or the appearance of the eluate fractions. Fractions containing the desired pigment and appearing to be free from oil were combined, reduced to dryness, dissolved in benzene, and run on a column of alumina which had been previously washed successively with water and ethyl alcohol and air-dried. Fractions, assayed and selected as before, were combined, and the pigment, in ethyl alcohol (about 0.5 ml of ethyl alcohol per mg of pigment), was precipitated as the perchlorate salt. This was accomplished by the addition of a roughly equivalent amount of perchloric acid as a 7% aqueous solution and then by the gradual dilution of the hot solution with 0.7% aqueous perchloric acid until the first cloudiness appeared. After overnight cooling, the dark-red crystalline perchlorate salt which had formed was filtered, washed with low-boiling ligroin, and stored at 0 C in the dark. Zinc salts were also prepared satisfactorily (14) , but the method was not applicable on a small scale and successful crystallization depended on the absence of oily impurities.
Electronic absorption spectra were measured on a Cary model 14 recording spectrophotometer. Nuclear magnetic resonance (NMR) data were obtained on a Varian A-60 spectrophotometer with tetramethyl silane as internal standard.
RESULTS AND DISCUSSION
The 13 strains of A. pelleteri and the 3 red strains of A. madurae produced widely different amounts of red pigment. All extracts had the characteristic prodigiosin-like visible absorption spectra (maximum about 530 nm in acidic ethyl alcohol; about 460 nm and half as intense in basic ethyl alcohol). When examined by TLC, most extracts showed several spots, but both of the main spots which were observed had RF values significantly higher than those of prodigiosin or the prodigiosin-like pigment from S. iongispororuber IMRU 3762 (deposited here as Actinomyces longisporus ruber). We selected A. pelletieri 610 and A. madurae 953 for further study, since each seemed to be best producer of one of the new prodigiosins ( Fig. 1) . Strains 687, 514, 778, 755R, 741, 756, 513, 4162, 779, 781, 780, and S-5 gave mainly the F spot; strain 953 produced mainly the S spot, whereas strains 408 and 757 appeared to have roughly equal amounts of both. The electronic absorption spectra of prodigiosin have been discussed in detail (2) . More recently the NMR spectra of prodigiosin and some analogues have been presented and discussed (14, 15; R. H. Williams, Ph.D. Thesis, Iowa State Univ., Ames, 1965) . Surprisingly, the mass spectrum of prodigiosin is quite simple (9) , and that of undecylprodigiosin has been examined thoroughly (6) .
On the basis of their physical properties, all of the prodigiosin-like compounds of known structure fall into two groups ( Table 1) . Those which are substituted in both the 2 and 3 position in the terminal ring have their maxina at 537 nm in acidic ethyl alcohol and no NMR band between 4 and 5 T. The others have maxina at 525 to 527 nm and a clear one-proton NMR band at 4.2 to 4.3 T, which can be attributed to the hydrogen in the 3 position. The pigment from 953 (perchlorate salt melting point, 150 to 155 C; zinc salt melting point, 130 to 132 C) clearly belongs to the latter group on the basis of its electronic and NMR spectra. The NMR spectrum was virtually identical with that of undecylprodigiosin (terminal methyl, 9.07 r; aliphatc methylene, 8.8 7; methylene adjacent to pyrrole ring, 7.9 r; methoxyl, 6.1 r; aromatic and olefinic, 4.28 to 3.17 r with a similar pattern), and the mass spectrum was similar except that the molecular ion was 28 mass units lower, indicating a C9 side chain. In The mass spectrum of the purified pigment ("pelletrin") from strain 610 (free base melting point, 70 to 80 C; perhlorate salt melting point, 230 C with decomposition; zinc salt melting point 193 to 195 C) showed a strong molecular ion at 391, which is two mass units less than undecylprodigiosin. Thus, it must have a C11 side chain in the form of a rng. (The NMR spectrum excludes a double bond.) However, it is distinctly different in melting point and chromatographic behavior ( Fig. 1 ) from metacycloprodigiosin (melting point, 208 to 209 C; 16). The positions of attachment of the side chain cannot be determined at present, and the possibility of a methyl branch on an a carbon of the side chain has not been eliminated.
"Proiginine" is suggested as a trivial name for the invariant aromatic portion of these pigments. Thus, undecyl and nonylprodigiosin would be more logically called undecyl and nonylprodiginine. The analogues in Table 1 could also be rationally named. The term "prodigiosin" would then be reserved for the first known member of the group, i.e., 2-methyl-3-pentylprodiginine. Norprodigiosin (7) would become 2-methyl-3-pentyl-desmethylprodiginine, and metacycloprodigiosin could be called 2,4-(cyclo 1',9' undecyl) prodiginine. Some sort of systematic naming is essential for this rapidly expanding class of pigments. Prodiginine was chosen as being close enough to prodigiosin to suggest a relationship but not so close as to be confused accidentally with it.
